ABSTRACT. In this study, percentages of CCR4 + cells in peripheral CD4 + T-lymphocytes were examined with flow cytometry in 46 healthy beagles between 3 months and 7 years of age. The percentage of CCR4 + cells varied from 9.9% to 33.5%. The mean percentage was significantly lower in the group with ages of less than 1 year than those with ages equal to or more than 1 year (p<0.05), suggesting that maturation might increase the CCR4 + T-lymphocyte subset. No influence of aging on the percentages was detected among the groups with ages equal to or more than 1 year. The findings are useful for establishing a reference value for the percentage of peripheral CCR4 + CD4 + lymphocytes in dogs. In human atopic dermatitis (AD), it was found that the frequency of CCR4 + cells among CD4 + T-lymphocytes increases in the peripheral blood [12] and lesional skin [11] . Additionally, the plasma concentration of CC chemokine ligand (CCL) 17, a ligand of CCR4, was reported to increase in human AD and correlates with disease severity [4] . These results suggest that the interaction between CCR4 and CCL17 plays an essential role in the immunopathogenesis of AD in humans. Similarly, in canine AD, expression of CCL17 [6] and CCR4 mRNAs [8] was detected in conjunction with the expression of inflammatory cytokines including IL-1β, IFN-γ, and TNF-α in lesional skin [6] , and the number of CCR4 + cells also increased in peripheral CD4 + Tlymphocytes [7] . A recent study in dogs demonstrated that keratinocytes were the major CCL17-producing cells in lesional skin of dogs with canine AD [9] . These studies indicated that CCR4-CCL17 interactions might play important roles in canine AD, similar to those in human AD.
Leukocytes express various types of chemokine receptors and show specific trafficking via interaction between those receptors and chemokines produced at inflammatory sites [18] . Specific expression profiles of chemokine receptors have been used to classify specific cell types, for instance, two different subsets of helper T-lymphocytes:Th1 and Th2 cells [1] . Among the chemokine receptors, it has been shown that Th1 cells selectively express CXC chemokine receptor (CXCR) 3 [13] and CC chemokine receptor (CCR) 5 [5] , whereas Th2 cells express CCR3 [14] and CCR4 [3] . In human atopic dermatitis (AD), it was found that the frequency of CCR4 + cells among CD4 + T-lymphocytes increases in the peripheral blood [12] and lesional skin [11] . Additionally, the plasma concentration of CC chemokine ligand (CCL) 17, a ligand of CCR4, was reported to increase in human AD and correlates with disease severity [4] . These results suggest that the interaction between CCR4 and CCL17 plays an essential role in the immunopathogenesis of AD in humans. Similarly, in canine AD, expression of CCL17 [6] and CCR4 mRNAs [8] was detected in conjunction with the expression of inflammatory cytokines including IL-1β, IFN-γ, and TNF-α in lesional skin [6] , and the number of CCR4 + cells also increased in peripheral CD4 + Tlymphocytes [7] . A recent study in dogs demonstrated that keratinocytes were the major CCL17-producing cells in lesional skin of dogs with canine AD [9] . These studies indicated that CCR4-CCL17 interactions might play important roles in canine AD, similar to those in human AD.
In humans, it was reported that CCR4 was specifically expressed on peripheral CD4 + T-lymphocytes from patients with AD but not from patients with psoriasis vulgaris [16] . Moreover, the percentages of CCR4 + cells in peripheral CD4 + T-lymphocytes were reported to increase in correlation with disease severity and decreased with improvement by topical corticosteroid therapy [16] . CCR4 was preferentially expressed on peripheral CD4 + T-lymphocytes in dogs with canine AD compared with those in healthy dogs [7] . These indicated that CCR4 expression on CD4 + T-lymphocytes might be a useful marker to identify atopic diseases, monitor their disease severity, and evaluate effects of treatment in dogs as well as humans.
In mice, age-associated changes in chemokine receptor expression on peripheral T-lymphocytes have been reported [10] , suggesting that the normal age-related range of the CCR4 expression should be investigated, before it has a clinical application as one of possible markers for canine atopic dermatitis. In this study, 46 healthy beagles (22 males and 24 females), which had been kept for experimental purposes in a pharmaceutical company (Nihon Zenyaku Kogyo, Koriyama, Japan), were enrolled and divided into 8 groups according to their age, which ranged from less than 1 year (3-6 months, 0 year) to 7 years (Table 1) . These dogs were clinically normal and without any skin diseases.
Peripheral blood was collected from each dog in an ethylenediamine tetraacetic acid (EDTA)-containing sample tube and stored at 4°C until analysis. The blood samples from the 46 dogs were used for examination of CCR4-positive T lymphocytes with flow cytometry, and 10 of the 46 samples were also kept at 4°C for up to 3 days to investigate the repeatability of the assay. Fifty µl of each blood sample was resuspended with 25 µl of blocking buffer (phosphate buffered saline (PBS) containing 0.5% bovine serum albumin (BSA), 2 mM EDTA, 4% normal mouse serum, 4% normal rat serum, and 4% normal goat serum), and then incubated for 30 min at 4°C. These samples were then stained with Alexa647-conjugated anti-canine CD4 antibody (Serotec, Oxford, U.K.) and R-phycoerythrin (PE)-conjugated antihuman CCR4 antibody (BD Biosciences, San Jose, CA, As a control sample for the assay, peripheral blood mononuclear cells (PBMCs) were collected from a dog using density gradient centrifugation with a commercial density buffer (Lymphoprep, Axis-shield, Oslo, Norway), according to the manufacturer's instructions, and aliquots were stored at -80°C in a cryoprotectant (CellBanker, Nihon Zenyaku Kogyo) until the analysis. The PBMCs were stained with antibodies in the same manner as described above and were also stained with isotype antibodies such as Alexa647-conjugated rat IgG2a and PE-conjugated mouse IgG1 (Serotec).
Finally, the cells were suspended in 500 µl of PBS with 0.15 µg of propidium iodide (BD Biosciences) for dead cell exclusion and filtered through a 40 µm nylon cell-strainer (BD Biosciences) before the analysis of flow cytometry. The percentage of CCR4 + cells in CD4 + T-lymphocytes was examined with a FACSCantoII flow cytometer using FACSDiva software (BD Biosciences). A lymphocyte fraction was gated based on front and side scattered light signals with the exclusion of dead cells stained with propidium iodide. The number of CCR4 and CD4 double-positive lymphocytes was counted in 5000 CD4 + lymphocytes. Using samples from 10 dogs between 3 to 6 months of age, the repeatability of the assay system was validated in advance. The measurement of CCR4 + cells in the samples was repeated after storage, at 4°C for up to 3 days, in order to investigate whether the storage of samples would affect the results. Figure 1 shows the CCR4 + T-lymphocyte percentages in each sample among the sequential assays. Standard deviation (SD) of the percentages was very small with a range from 0.9% to 3.2% (average: 1.1 %), indicating the high repeatability of the assay system (Fig. 1) .
The percentage of CCR4 + cells in CD4 + T-lymphocytes ranged from 9.9% to 33.5% in the healthy dogs examined (0 year, 9.9-14.3%; 1 year, 12.0-23.2%; 2 years, 11.9-33.5%; 3 years, 14.5-27.6%; 4 years, 17.5-22.1%; 5 years, 13.8-23.0%; 6 years, 20.6-27.0%; 7 years, 15.4-24.2%), and the mean values ± SD were 1.6 ± 1.4%, 15.8 ± 4.6%, 22.4 ± 10.0%, 21.7 ± 4.4%, 20.3 ± 2.2%, 19.8 ± 4.0%, 24.6 ± 2.8%, and 21.2 ± 3.4% in the age groups of 0, 1, 2, 3, 4, 5, 6, and 7 years old, respectively ( Table 1 ). The percentages of CCR4 + cells were compared among different age groups using the Kruskal-Wallis test (JMP IN 5.1.2, SAS Institute, NC, U.S.A.). If a significant difference was found, a TukeyKramer test was performed to determine which pair was responsible for the difference (JMP IN 5.1.2, SAS Institute). Statistical analysis indicated that the mean value in the age group of 0 year was significantly lower than those in the other age groups (p<0.05, Fig. 2) .
Similar to the results observed in this study, it has been observed that CCR4 expression in CD4 + cells in the peripheral blood was lower in mice with age of 3-4 months than mice with age of 20-22 months [10] . These age-associated differences in the proportion of peripheral CCR4 + T-lymphocytes may be due to a shift in immunological status. A memory T-lymphocyte subset is known to increase in human with aging, presumably due to lifelong antigenic stimulation [2, 15] . CCR4 expression was reported to increase in memory T-lymphocytes compared with naïve Tlymphocytes [17] . Taken together, a shift of T-lymphocyte phenotype from naïve to memory cells during the first year of life may cause on increased proportion of CCR4 + T-lymphocytes in peripheral blood of dogs, although canine memory T-lymphocytes have not ever been examined in detail. Additionally, the percentages of CCR4 + T-lymphocytes were lowest in the youngest dogs of the less than 1 year age group, and there was no further increase of the percentages in the older age groups. In dogs, populations of memory Tlymphocytes in the peripheral blood may only increase during the period of maturation, and aging itself may not affect the population.
In mice, it was reported that CCR4 expression in CD4 + Tlymphocytes was higher in females, suggesting that gender could affect immune responses mediated by CCR4. However, in this study, there was no statistical difference in the percentages of CCR4 + T-lymphocytes between male and female beagles (student's two-tailed t test using Microsoft Excel software, p=0.70). Therefore, it is suggested that gender deference dose not affect CCR4-mediated immune responses in healthy dogs.
Since cross-reactivity of the anti-human CCR4 antibody with canine CCR4 was confirmed in a previous report using a canine lymphoid cell line expressing CCR4 mRNA [7] , CCR4 + cells in dogs can be measured. From this study, normal reference values can be proposed, in terms of percentages of CCR4 + cells in peripheral CD4 + T-lymphocytes, in healthy dogs aged up to 7 years. Using these values, abnormalities in populations of CCR4 + CD4 + lymphocytes in the peripheral blood can be precisely detected in dogs. In approximately 80% of the dogs with AD, the percentages of CCR4 + cells in peripheral CD4 + T-lymphocytes were reported to be higher than those in the healthy control dogs, however, these controls were not age-matched [7] . The data in this study can be utilized as an age-matched reference value to identify abnormalities of peripheral CCR4 + T-lymphocytes in dogs.
In summary, we examined the percentages of CCR4 + cells in peripheral CD4 + T-lymphocytes among healthy dogs with different ages. The percentages gradually increased during the first 1 year of life. These data can be used to investigate CCR4 + T-lymphocyte populations in the peripheral blood of dogs with various diseases including allergy, bacterial infection, parasitic infestation, and cancer. 
